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Abstract: The effects of various concentrations of 1-methylcyclopropene (1-MCP) on ‘Ankara’ pears (Pyrus communis L.) were
investigated. The pears were harvested at commercial maturity level and 1-MCP (250 and 500 ppb) was applied to the fruit for 24 h
at 5 °C. After 1-MCP treatments, the pears were kept at 0 °C temperature with 90%–92% relative humidity (RH) for 8 months. Fruit
samples were taken at 2-month intervals from the storage room and various physical and chemical analyses, including soluble solids
content, weight loss, flesh firmness, titratable acidity, skin color, respiration rate, ethylene emission, and fruit taste were carried out on
the fruit samples during the storage and shelf-life periods. Treatment with 1-MCP reduced weight loss and the loss of titratable acidity.
Furthermore, fruit treated with 1-MCP had higher flesh firmness, soluble solids content, chroma (C*), and hue (h°) values at the end of
the storage and shelf-life period. Ethylene emission and respiration rate were also inhibited by 1-MCP applications. The 500 ppb 1-MCP
application was the most appropriate concentration for preserving the postharvest quality of pears. It can be concluded that ‘Ankara’
pears treated with 1-MCP can be stored commercially up to 8 months at 0 °C temperature and 90%–92% RH. Thus, 1-MCP application
can serve as a vital means of maintaining postharvest fruit quality of ‘Ankara’ pears during long-term storage with economic benefits.
Key words: 1-Methylcyclopropene, ethylene, quality, respiration climacteric, storage

1. Introduction
Pear (Pyrus communis) is a climacteric fruit, where the fruit
ripening goes along with the consequential production of
ethylene and fruit softening during the maturation period.
Controlled atmosphere (CA) at low temperatures is the
common method to delay pear ripening and prolong its
storage life (Gamrasni et al., 2010). However, CA or ultralow oxygen (ULO) storage does not commercially exist
in many parts of the world and so it is important to find
alternative methods to CA or ULO storage for maintaining
and prolonging the postharvest quality of pears.
Ethylene is a ripening hormone and it has negative
effects on the storage life and quality parameters of fruit,
vegetables, and ornamental plants. Therefore, it is vitally
important to control the negative effects of ethylene
on ripening and softening to ensure prolonged storage
life and quality of pears. There are different techniques
and storage methods to control the harmful effects of
ethylene action on fruit ripening. These techniques are
modified atmosphere, CA, ULO, and dynamic controlled
atmosphere storage. Another method to control ethylene
on fruit ripening is the use of an ethylene antagonist such
as 1-methylcyclopropene (1-MCP). Several compounds

have exhibited an inherent capacity to block the binding
site of ethylene, resulting in either the blockage or the
annihilation of ethylene effects (Sisler, 1991). One of the
ethylene inhibitors widely used in postharvest technology
is 1-MCP, which has been established as an inhibitor of
ethylene activity (Sisler and Serek, 1997). It is thought to fill
the ethylene receptors in a way that prevents ethylene from
binding to the site and eliciting activity. Similarly, Sisler
and Serek (1997) also evaluated the response of 1-MCP
to the ethylene receptor in their study. The compatibility
of the receptor with 1-MCP is almost 10-fold higher than
that of ethylene. Via feedback blockage, 1-MCP also affects
ethylene production in some plants and fruit species,
including apple, banana, broccoli, pear, plum, and tomato
(Blankenship and Dole, 2003).
The impact of 1-MCP application on postharvest
fruit quality has been tested in different horticultural
commodities. Treatment with 1-MCP maintained storage
life and prolonged the postharvest quality of a wide range
of fruits, including pears (Gamrasni et al., 2010), apples
(Lu et al., 2013), bananas (Ketsa et al., 2013), plums
(Lippert and Blanke, 2004), avocados (Woolf et al., 2005),
peaches (Hayama et al., 2008), kiwifruits (Koukounaras
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and Sfakiotakis, 2007), and strawberries (Bower et al.,
2003).
Application of 1-MCP enhanced the postharvest
marketability of ‘Conference,’ ‘Bartlett,’ and ‘d’Anjou’ pears
(Baritelle et al., 2001; Rizzolo et al., 2005). Furthermore, the
ethylene production, respiration rate, flesh softening, and
development of yellow fruit color as a result of ripening
were decreased by 1-MCP. In ‘Bartlett’ pears, 1-MCP has
also been implicated in the decreased prevalence of scald
and internal disintegration. In ‘William’s’ pears, 1-MCP
application decreased the loss of firmness, color change,
and titratable acidity (TA) (Calvo and Sozzi, 2004).
The effectiveness of 1-MCP in inhibiting pear ripening
and softening depends on several elements, including
the cultivar or variety, maturity stage at harvest, and
the condition and duration at which the fruit is stored
(Gamrasni et al., 2010).
Storage of ‘Ankara’ pears is usually limited to 3–4
months under normal atmosphere and ideal storage
conditions at 0 °C. In most cases, storage life ends due
to excessive ripening and fruit softening. In the available
literature, only a few studies (Bakoglu and Gunes, 2014)
have been carried out on the impact of 1-MCP treatments
on the storage life and quality parameters of ‘Ankara’
pears, which is one of the leading pear cultivars in Turkey.
For this reason, the objective of this study was to analyze
the effects of 1-MCP treatments on storage and shelf-life
performance of ‘Ankara’ pears.
2. Materials and methods
2.1. Fruit material
‘Ankara’ pears (Pyrus communis L.) from 25-year-old trees
were used as experimental fruit material. The pear trees
were grafted on wild pear rootstocks (Pyrus elaeagrifolia)
and planted at 6 × 6 m spacing. The fruit of Ankara pears
is medium sized and globular, weighing about 150–200 g.
The fruit has green skin coloration and is thin, with juicy
flesh. Pears were harvested from a commercial orchard in
Korkuteli district of Antalya, Turkey, at an optimal harvest
maturity based on fruit flesh firmness and total soluble
solids (TSS) content. Pears at commercial maturity stage,
of homogeneous sizes and free from any visual or physical
symptoms, were selected for the study.
2.2. 1-MCP applications and storage conditions
After harvest, pears were randomly divided into three
lots for different doses of 1-MCP applications. The first
and second lots of fruit received applications of 250 and
500 ppb 1-MCP, respectively. The third lot of fruit was
not treated and considered the control lot. The 1-MCP
was obtained from SmartFresh powder (0.14% active
ingredient). The 1-MCP treatments were carried out in
a specially designed gas-tight container of 1 m3 volume.
Fruits were treated with 1-MCP for 24 h at 5 °C. After
https://testdrive1.bepress.com/tubitak-journal/vol42/iss2/3
DOI: 10.3906/tar-1706-72

1-MCP treatments, control and treated pears were placed
in plastic boxes containing 24 pears per box. Then pears
were stored at 0 °C temperature with 90%–92% RH for 8
months. The pears were also allowed to ripen for 7 days
at a temperature of 20 °C (simulated shelf-life) after cold
storage. Fruit samples were taken at 2-month intervals and
various physical and chemical analyses were performed on
the fruits.
Assessments and analyses were performed for each
1-MCP application after each storage period and simulated
shelf-life. Samples consisting of 8 pears per treatment were
used in 3 replications.
The weight loss of the fruits was computed on an
initial weight basis and represented as a percentage. The
measurement of firmness was performed on three different
surfaces of the fruit with the aid of a penetrometer (FT
327) with an 8-mm probe. SSC was obtained from freshly
squeezed fruit juice and was measured with the help of an
Atago digital refractometer. Fruit TA was estimated from
the water extract content of the juice (2 mL of juice in
38 mL of water) by titrating with 0.1 N NaOH (pH 8.1)
using a pH meter. The results were expressed in percentage
equivalence of malic acid. The fruit skin color was also
measured with the aid of a Minolta Chroma Meter (Model
CR 200, Minolta, Tokyo, Japan) in the L*, a*, b* mode
under standard CIE illuminant C. The measurements were
performed on different surface parts of each fruit, and the
average mean values computed. Changes in fruit color
from green to yellow were determined by computing the
hue angle (h°), from tan–1 b*/a*. Each of the six members of
the trained taste panel evaluated a single pear per 1-MCP
dose. Sensory evaluation was performed by the panelists
at every evaluation stage. The assessments were carried out
by observing fruit appearance and fruit taste on a hedonic
scale of 1–5. Each of the coded treatment groups was
presented in random order and assessed accordingly on
fruit taste and general visual appearance using a hedonic
scale: 5 = excellent; 4 = very good; 3 = good (marketable);
2 = poor (unmarketable); 1 = very poor (unmarketable).
For respiration rate determination, fruit from each
treatment were placed in 5-L air-tight jars for 1 h at 20
°C. The a 1-mL gas sample was taken from the head
space of jars and injected into a gas chromatography
device (GC) (Thermo Finnigan Trace GC Ultra, Thermo
Electron S.p.A. Strada Rivoltana 20900 Radano, Milan,
Italy) equipped with a thermal conductivity detector. The
GC was calibrated earlier on using a standard CO2 (1000
ppm). The results were reported as mL CO2 kg–1 h–1. Each
treatment included three replications. Chromatographic
conditions were as follows: Supelco 80/100 alumina
F-1 column 1 m × 4.762 mm × 3.7 mm SS, 65 °C oven
temperature, 35 °C detector temperature, 45 mL min–1
hydrogen flow, 400 mL min–1 dry air flow, 1 mL injection,
and 4 min analysis time.
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For ethylene production, 8 pears from each treatment
were selected and put into a 5-L air-tight jar for 1 h at 20
°C. The 1-mL gas sample was then appropriated with a gastight syringe and injected into a GC equipped with flame
ionization detector. The GC was earlier calibrated with
standard ethylene (25 ppm). The results were stated as μL
C2H4 kg–1 h–1. Chromatographic conditions were set: GSGASPRO, 113-4362 capillary column, 1.829 m × 6.35 mm,
130 °C oven temperature, 275 °C detector temperature, 35
mL min–1 hydrogen flow, 350 mL min–1 dry air flow, 1 mL
injection, 2 min analysis time.
The experiment was carried out in a completely
randomized design with three replications and data
analyzed using analysis of variance (ANOVA) by the
statistical software SAS v7 (SAS Institute Inc., USA) and
Duncan’s multiple range tests were used for comparing the
averages of the sources of variation. Statistical variations
with P-values under 0.05 were considered significant.
3. Results
3.1. Weight loss
The effects of both storage duration and 1-MCP doses
on weight losses were statistically significant (P ≤ 0.05)
during 240 days of cold storage and an additional 7 days
of shelf-life at 20 °C. Weight losses of pears increased with
prolonged cold storage. The weight loss in pears treated
with 1-MCP was much lower than in the control group
during both cold storage and shelf life. Weight loss in the
control, 250 ppb 1-MCP, and 500 ppb 1-MCP groups was
5.83%, 4.29%, and 3.28%, respectively, at the end of the
cold storage period (Table 1). Pear weight loss increased
during the entire shelf-life period (Table 2). During
the shelf-life period, similar to the cold storage period,
the lowest weight loss was in the 500 ppb 1-MCP pears
(5.90%), while the control and 250 ppb 1-MCP fruit lost
11.21% and 8.33% of their initial weight, respectively.
3.2. Flesh firmness
Table 1 shows the changes in flesh firmness of ‘Ankara’
pears during 240 days of cold storage at 0 °C. During
the storage period, fruit flesh firmness of the pears
continuously decreased in all treatment groups, but both
1-MCP treatments delayed the softening. Flesh firmness
of the pears was 62.08 N at harvest and decreased to 44.13
N, 35.30 N, and 29.91 N in 500 ppb, 250 pbb 1-MCP
treatments, and the control fruit, respectively, at the end
of the cold storage period of 240 days. During the shelf-life
period, flesh firmness of the pears continuously decreased
and it was 24.69 N, 25.01 N, and 12.27 N at 500 ppb
1-MCP, 250 ppb 1-MCP, and the control fruit, respectively
(Table 2).
3.3. TSS content
The TSS content of the pears was 14.77% at harvest. The TSS
content of the pears generally decreased in all treatment

groups during the storage period, but this decrease was
slower in the 1-MCP fruit compared to the control fruit.
A similar trend was also determined during the shelflife period, and the highest decreases occurred in the
control group. At the end of 240 days of cold storage and
7 days of shelf life, the highest soluble solids content was
recorded in the 500 ppb 1-MCP fruit (14.84%), followed
by the 250 ppb 1-MCP fruit (13.20%). The lowest was in
the control group (11.34%) (Table 2).
3.4. TA
Pear TA continuously decreased in all groups during the
cold storage period, but this decrease was slower in 1-MCP
fruit than in the control fruits (Tables 1 and 2). At harvest,
pear TA was 0.88 g malic acid 100 mL–1. At the end of the
240-day storage period, TA values of the 250 ppb 1-MCP,
500 ppb 1-MCP, and control fruits were 0.41, 0.61, and
0.29 g malic acid 100 mL–1, respectively. Pear TA decreased
steadily during the shelf-life period as well. After 240 days
of cold storage and 7 days of shelf life, 500 ppb 1-MCP had
the highest TA (Table 2).
3.5. Skin color
The C* values of the pears slightly increased during
storage in all treatment groups (Table 1). C* value of pears
at harvest was 37.75 and after 240 days of cold storage at
0 °C, C* values were 39.53, 39.53, and 39.40 for the 500 ppb
1-MCP, 250 ppb 1-MCP, and control fruit, respectively.
There was an increase in C* values of pears throughout the
shelf-life period at 20 °C (Table 2). At the final stage of the
shelf life period, C* values of pears were 40.56 in the 500
ppb 1-MCP group, 40.38 in the 250 ppb 1-MCP group, and
39.33 in the control group.
The impacts of storage period and 1-MCP applications
on h° values were statistically significant during the cold
storage and shelf-life conditions (Tables 1 and 2). The h°
values of pears decreased during both the storage and
shelf-life periods in all treatment groups. The h° value of
pears at harvest was 113.06° and it decreased to 107.47°,
107.45°, and 107.14° for 500 ppb 1-MCP, 250 ppb 1-MCP,
and control pears, respectively, at the end of the cold
storage period. As shown in Table 2, at the end of the 240
days of cold storage and 7 days of shelf life, the highest
h° value was in the 500 ppb 1-MCP group (107.47°) and
the lowest was in the 250 ppb 1-MCP group (107.14°).
However, in terms of h° value, there were no significant
differences among treatments.
3.6. Respiration rate
At harvest, the respiration rates of the 500 ppb 1-MCP,
250 ppb 1-MCP, and control groups were 0.10 mL CO2
kg–1 h–1, 0.18 mL CO2 kg–1 h–1, and 0.14 mL CO2 kg–1 h–1,
respectively (Figure 1). Respiration rates of the control
fruit were higher than those of the 1-MCP groups. The
untreated control pears and the 250 ppb 1-MCP pears
reached a climacteric maximum 240 days from harvest.
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Table 1. The effects of different 1-MCP concentrations on quality parameters of ‘Ankara’ pears during cold storage at 0 °C.
Testing
Index

Weight loss (%)

Flesh firmness (N)

Total soluble solids
content (%)

Titratable acidity
(g malic acid 100 mL–1)

Chroma

Hue angle (°)

Tastey

Treatments

Storage period (days)
0

60

120

180

240

Control

-

1.95efx

3.67bcd

4.62b

5.83a

250 ppb

-

1.56f

2.75de

3.51bcd

4.29bc

500 ppb

-

1.00f

1.80ef

2.70ed

3.28cd

LSD 0.05

1.0336

Control

62.08a

47.66d

40.40f

32.07h

29.91i

250 ppb

62.08a

54.92c

48.84d

44.13e

35.30g

500 ppb

62.08a

57.47b

55.21c

48.94d

44.13e

LSD 0.05

1.414

Control

14.77a

13.00cd

12.73de

12.30ef

12.00f

250 ppb

14.77a

13.84b

13.45bc

13.90b

13.30bcd

500 ppb

14.77a

15.12a

14.69a

13.86b

13.78b

LSD 0.05

0.6606

Control

0.88a

0.71cd

0.57g

0.46h

0.29i

250 ppb

0.88a

0.81b

0.67de

0.57g

0.41h

500 ppb

0.88a

0.87a

0.72c

0.66ef

0.61fg

LSD 0.05

0.0476

Control

37.75de

37.56e

38.80bc

40.16a

39.40b

250 ppb

37.75de

38.32cd

39.08b

39.51ab

39.53ab

500 ppb

37.75de

37.89de

38.98bc

39.47ab

39.53ab

LSD 0.05

0.6357

Control

113.06a

110.71b

108.63de

108.25e

107.14f

250 ppb

113.06a

111.19b

109.79c

109.01d

107.45f

500 ppb

113.06a

111.19b

109.65c

108.97d

107.47f

LSD 0.05

0.576

Control

4.00abc

3.33cd

3.83bc

3.50bcd

2.83d

250 ppb

4.00abc

4.83a

3.17cd

3.33cd

3.83bc

500 ppb

4.00abc

4.00abc

4.00abc

4.33ab

3.67bcd

LSD 0.05

0.7457

Each number represents the mean of three replications. Different letters are significantly different at P ≤ 0.05 level by Duncan’s multiple
range test.
y
5 = excellent; 4 = very good; 3 = good (marketable); 2 = poor (unmarketable); 1 = very poor (unmarketable).
x
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Table 2. The effects of different 1-MCP concentrations on the quality parameters of ‘Ankara’ pears during shelf-life at 20 °C.
Testing
Index

Weight loss (%)

Flesh firmness (N)

Total soluble solids
content (%)

Titratable acidity
(g malic acid 100 mL–1)

Chroma

Hue angle (°)

Tastey

Treatments

Storage period (days)
0

60 + 7

120 + 7

180 + 7

240 + 7

Control

-

4.84defx

7.52c

9.59b

11.21a

250 ppb

-

4.29fg

5.69de

7.18c

8.33c

500 ppb

-

3.62g

4.60efg

5.15def

5.90d

LSD 0.05

1.0996

Control

62.08a

15.30e

12.75f

14.61e

12.27f

250 ppb

62.08a

17.65d

14.71e

18.04d

25.01b

500 ppb

62.08a

24.52b

24.22b

22.34c

24.69b

LSD 0.05

1.3236

Control

14.77bc

14.20cd

13.80de

12.60f

11.34g

250 ppb

14.77bc

14.90abc

14.50cd

14.00d

13.20ef

500 ppb

14.77bc

15.60a

15.38ab

14.96abc

14.84bc

LSD 0.05

0.667

Control

0.88a

0.82a

0.55cd

0.40e

0.26f

250 ppb

0.88a

0.75b

0.60c

0.53d

0.38e

500 ppb

0.88a

0.82a

0.73b

0.60c

0.56cd

LSD 0.05

0.0572

Control

37.75f

40.94ab.d

41.47abc

41.12ab.d

39.33e

250 ppb

37.75f

41.17ab.d

41.64ab

40.32d

40.38cd

500 ppb

37.75f

40.83ab.d

41.78a

41.06ab.d

40.56bcd

LSD 0.05

0.9732

Control

113.06a

110.71b

108.63de

108.25e

107.14f

250 ppb

113.06a

111.19b

109.79c

109.01d

107.45f

500 ppb

113.06a

111.19b

109.65c

108.97d

107.47f

LSD 0.05

0.576

Control

4.00ab

4.50a

3.00c

2.67c

2.67c

250 ppb

4.00ab

3.83b

3.00c

3.00c

4.33ab

500 ppb

4.00ab

4.33ab

4.00ab

2.83c

4.00ab

LSD 0.05

0.5273

Each number represents the mean of three replications. Different letters are significantly different at P ≤ 0.05 level by Duncan’s multiple
range test.
y
5 = excellent; 4 = very good; 3 = good (marketable); 2 = poor (unmarketable); 1 = very poor (unmarketable).
x
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Respiration rates (mL CO2 kg-1 h-1)

40
35
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LSD0,05 : 3.078
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20
15
10
5
0

0

60
120
Storage period (Days)

180

240

Figure 1. The effects of different 1-MCP concentrations on the respiration rates of pears (mL CO2 kg–1 h–1).

CO2 production was 32.42 mL CO2 kg–1 h–1 in the control
group, 31.24 mL CO2 kg–1 h–1 in the 250 ppb 1-MCP group,
and 21.34 mL CO2 kg–1 h–1 in the 500 ppb 1-MCP group.
3.7. Ethylene emission
Ethylene emission of the control pears reached the highest
level, which was 65.74 µL C2H4 kg–1 h–1, at month 6 of
storage and then decreased to 49.63 µL kg–1 h–1 by the end
of month 8 of storage (Figure 2). Treatment with 1-MCP
inhibited the production of ethylene throughout the
storage period. The rate of ethylene emission in the 250
ppb (41.75 µL C2H4 kg–1 h–1) and 500 ppb (39.69 µL C2H4
kg–1 h–1) 1-MCP groups peaked at month 4 and thereafter it
decreased. By the end of month 8, the ethylene emission of
the pears was 25.05 µL C2H4 kg–1 h–1 in the 250 ppb 1-MCP
group and 22.45 µL C2H4 kg–1 h–1 in the 500 ppb 1-MCP
group. At month 8 of the study, the ethylene emission of
the control fruit was almost 2-fold higher than the 500 ppb
1-MCP pears (Figure 2).
3.8. Taste
Pear taste scores decreased throughout the cold storage for
all treatment groups. The initial test score of the pears at
harvest was 4.00. After 240 days of cold storage at 0 °C,
taste scores were 2.83, 3.83, and 3.67 for the control, 250
ppb 1-MCP, and 500 ppb 1-MCP groups, respectively.
As shown in Table 2, taste scores generally exhibited a
decrease during the entire shelf-life period. At the end
of the shelf-life period, pear taste scores were 2.67 in the
control group, 4.33 in the 250 ppb 1-MCP group, and 4.00
in the 500 ppb 1-MCP group.
https://testdrive1.bepress.com/tubitak-journal/vol42/iss2/3
DOI: 10.3906/tar-1706-72

4. Discussion
In this study, 1-MCP application decreased the weight
losses of pears throughout both the storage and shelf-life
periods. A remarkable weight loss was, however, observed
in the control group in comparison to the 1-MCP groups.
These results were supported by Weis and Bramlage
(2002), who reported the impact of 1-MCP application in
decreasing the weight loss of ‘Red Chief Delicious’ apples
during the storage period. Weis and Bramlage (2002)
also reported that 1-MCP treatments were efficient in
decreasing the weight loss of ‘McIntosh’ and ‘Red Chief
Delicious’ apples during the entire shelf-life period. In
these studies, weight loss in the 1-MCP apples was much
lower than that of the control pears throughout the shelflife period. Our data on weight loss are in agreement with
the work by Jeong et al. (2002) in avocados and Gal et al.
(2006) in Galia melons.
Flesh firmness is usually used to decide pear maturity
and date of harvest (Gamrasni et al., 2010). Flesh firmness
was affected by 1-MCP applications. Treatment with
1-MCP increased the flesh firmness of pears and delayed
fruit softening. Pears treated with 500 ppb 1-MCP had the
highest firmness during storage at 0 °C. During the shelflife period, the same pears had the highest fruit firmness.
Pears treated with 250 and 500 ppb 1-MCP were 2-fold
firmer than the control pears at the end of the shelflife period. Baritelle et al. (2001) reported that 1-MCP
treatment delayed fruit softening of ‘Bartlett,’ ‘d’Anjou,’ and
‘Conference’ pears. Our results are in concordance with
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Figure 2. The effects of different 1-MCP concentrations on the ethylene emission of pears (μL C2H4
kg–1 h–1).

the findings reported by Sakaldas et al. (2008) on storage
of ‘Eşme’ quince and by Menniti et al. (2004) on the shelflife of ‘Angeleno,’ ‘President,’ and ‘Fortune’ plums.
TSS is an important factor in commercial quality of
fruit and vegetables (Predieri and Gatti, 2009). TSS of the
‘Ankara’ pears generally decreased in all treatment groups
throughout the storage at 0 °C, but at the end of the storage,
fruit treated with 500 ppb 1-MCP had the highest SSC
values. During the shelf-life period, SSC of the ‘Ankara’
pears decreased in the control and 250 ppb 1-MCP fruit.
TSS of pears treated with 1-MCP were higher than those
of the untreated control group during both the storage
and the shelf-life periods. These results are supported by
the findings published by Watkins et al. (2000) in apples,
who reported that ‘Delicious’ and ‘Empire’ apples treated
with 1-MCP contained higher TSS than untreated fruit.
Similarly, the amounts of SSC in apples (Fan et al., 1999),
pineapple (Selvarajah et al., 2001), and papaya (Hofman et
al., 2001) treated with 1-MCP were higher than in control
fruit.
In this study, the TA content of ‘Ankara’ pears decreased
in all treatments, but pears treated with 1-MCP had higher
TA content compared to the untreated fruit throughout
the cold storage and shelf-life periods. At the end of the
study, pears treated with 500 ppb 1-MCP had TA almost
2-fold higher than the control group and almost 1.5fold higher than that of the 250 ppb 1-MCP pears. Our

results are similar to those obtained by Liu et al. (2013)
on ‘Laiyang’ pears, by Watkins et al. (2000) on apples, by
Dong et al. (2002) on plums, and by Selvarajah et al. (2001)
on pineapples.
Color is a very essential component used by the
consumers in determining fruit maturity and quality
(Kappel et al., 1995). During the storage and shelf-life
periods, C* values increased in all treatments. However,
C* values of pears kept in shelf-life storage increased more
than that of pears kept in cold storage.
The hue (h°) values of pears decreased throughout the
entire storage and shelf-life period in all treatment groups.
The h° values were higher in 1-MCP pears than in the
control group. The h° values of pears kept under shelf-life
conditions showed more variation than those stored under
cold storage conditions and these fruit turned a lighter
yellow color. These results are similar to those obtained by
Calvo (2001) in pears, by Kluge and Jacomino (2002) in
peaches, by Manganaris et al. (2008) and Salvador et al.
(2003) in plums, by Hershkovitz et al. (2005) in avocados,
and by Fan et al. (2000) in apricots.
Fruit ripening and senescence are defined by numerous
biochemical and physiological alterations, as well as a rise
in the production of ethylene and respiration (Liu et al.,
2013). In general, respiration rates were reduced with
1-MCP treatments in pears. In the present study, respiration
rates of pears treated with 1-MCP were lower than those of
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the control group during 8 months of cold storage. These
results are supported by the findings published by Liu et al.
(2013), who reported reduced respiration rates in ‘Laiyang’
pears treated with 1-MCP. However, Hershkovitz et al.
(2005) stated that 1-MCP treatments delayed climacteric
rise as well as reduced respiration rates in avocado fruit.
Moreover, our results were similar to the findings reported
by Alves et al. (2005) in melons and Dong et al. (2002) in
plums.
Ethylene emission was reduced by 1-MCP treatments in
‘Ankara’ pears. Similar results were obtained by Chiriboga
et al. (2013) and Chiriboga et al. (2012) in ‘Conference’
pears, by Moya-Leon et al. (2006) in ‘Packham’s Triumph’
pears, by Argenta et al. (2001) and Fan et al. (1999) in
apples, by Menniti et al. (2004) in plums, by Bower et al.
(2003) in strawberries, and by Botondi et al. (2003) in
apricots, who reported a reduction in ethylene production
with 1-MCP treatment.
In this study, the control fruit generally received the
lowest taste scores throughout the storage at 0 °C, and
1-MCP pears generally received the highest taste scores
after the shelf-life period at 20 °C. Pears treated with

1-MCP were firmer and less juicy than control pears during
the storage at 0 °C, but they were juicier and sweeter than
untreated pears after the shelf-life period. These results
were similar to the findings reported by Rizzolo et al.
(2014) and Vanoli et al. (2015) in pears. These researchers
showed that fruit treated with 1-MCP was firmer, less
sweet, and less juicy than control pears during both the
storage and shelf-life periods.
In conclusion, 1-MCP applications prevented weight
loss and retarded the loss of TA, flesh firmness, SSC, C*,
and h° values. Furthermore, 1-MCP treatments reduced
the respiration rate and ethylene emission of pears when
compared to the control group. As a result, ‘Ankara’ pears
can be stored commercially for up to 8 months at 0 °C
temperature and 90%–92% RH. The 500 ppb 1-MCP
treatment was the most appropriate concentration for
maintaining the postharvest quality of ‘Ankara’ pears
grown in Elmalı district, Antalya, Turkey.
Acknowledgments
The authors wish to acknowledge the financial support given by
the Scientific Research Projects Coordination Unit of Akdeniz
University.

References
Alves RE, Filgueiras HAC, Almeida AS, Machado FLC, Bastos MSR,
Lima MAC, Terao D, Silva EO, Santos EC, Pereira MEC et
al. (2005). Postharvest use of 1-MCP to extend storage life of
melon in Brazil. Acta Hortic 682: 2233-2237.
Argenta LC, Fan XT, Mattheis JP (2003). Influence of
1-methylcyclopropene on ripening, storage life and volatile
production by d’Anjou cv. pear fruit. J Agr Food Chem 51:
3858-3864.
Argenta LC, Mattheis J, Fan X (2001). Delaying ‘Fuji’ apple ripening
by 1-MCP treatment and management of storage temperature.
Revista Brasileira de Fruticultura 23: 270-273.
Bakoglu N, Gunes NT (2014). The effect of 1-methylcyclopropene on
some postharvest quality criteria in ‘Ankara’ pear. In: Akbulut
B, editor. Proceedings of the VI. Storage and Marketing
Symposium on Horticultural Crops. 22–25 September 2014;
Bursa, Turkey. pp. 60-67.
Baritelle AL, Hyde GM, Fellman JK, Varith J (2001). Using 1-MCP to
inhibit the influence of ripening on impact properties of pear
and apple tissue. Postharvest Biol Technol 23: 153-160.
Blankenship SM, Dole JM (2003). 1-Methylcyclopropene: a review.
Postharvest Biol Technol 28: 1-25.
Botondi R, Desantis D, Bellincontro A, Vizovitis K, Mencarelli F (2003).
Influence of ethylene inhibition by 1-methylcyclopropene on
apricot quality, volatile production, and glycosidase activity of
low- and high-aroma varieties of apricots. J Agric Food Chem
51: 1189-1200.

https://testdrive1.bepress.com/tubitak-journal/vol42/iss2/3
DOI: 10.3906/tar-1706-72

Bower JH, Biasi WV, Mitcham EJ (2003). Effects of ethylene
and 1-MCP on the quality and storage life of strawberries.
Postharvest Biol Technol 28: 417-423.
Calvo G (2001). Efecto del 1-MCP sobre la madurez y control
de escaldadura en peras cv. ‘Beurre D’Anjou’ y ‘Packham’s
Triumph’. Reporte convenio Rohm and Hass 53.
Calvo G, Sozzi GO (2004). Improvement of postharvest storage quality
of ‘Red Clapp’s’ pears by treatment with 1-methylcyclopropene
at low temperature. J Hortic Sci Biotech 79: 930-934.
Chiriboga MA, Saladie M, Bordonaba JG, Recasens I, Garcia-Mas
J, Larrigaudiere C (2013). Effect of cold storage and 1-MCP
treatment on ethylene perception, signalling and synthesis:
Influence on the development of the evergreen behaviour in
‘Conference’ pears. Postharvest Biol Technol 86: 212-220.
Chiriboga MA, Recasens I, Schotsmans WC, Dupille E, Larrigaudiere
C (2012). Cold-induced changes in ACC metabolism
determine softening recovery in 1-MCP treated ‘Conference’
pears. Postharvest Biol Technol 68: 78-85.
Dong L, Lurie S, Zhou H (2002). Effect of 1-methylcyclopropene
on ripening of ‘Canino’ apricots and ‘Royal Zee’ plums.
Postharvest Biol Technol 24: 135-145.
Fan X, Argenta L, Mattheis JP (2000). Inhibition of ethylene action
by 1-methylcyclopropene prolongs storage life of apricots.
Postharvest Biol Technol 20: 135-142.

95
8

KURUBA? and ERKAN: Impacts of 1-methylcyclopropene (1-MCP) on postharvest quality of
KURUBAŞ and ERKAN / Turk J Agric For
Fan X, Blankenship SM, Mattheis JP (1999). 1-Methylcyclopropene
inhibits apple ripening. J Amer Soc Hort Sci 124: 690-695.
Gal S, Alkalai-Tuvia S, Elkind Y, Fallik E (2006). Influence of different
concentrations of 1-methycyclopropane and times of exposure
on the quality of “Galia” type melon harvested at different
stages of maturity. J Hortic Sci Biotech 81: 975-982.
Gamrasni D, Ben-Arie R, Goldway M (2010). 1-Methylcyclopropene
(1-MCP) application to ‘Spadona’ pears at different stages of
ripening to maximize fruit quality after storage. Postharvest
Biol Technol 58: 104-112.
Hayama H, Tatsuki M, Nakamura Y (2008). Combined treatment of
aminoethoxyvinylglycine (AVG) and 1-methylcyclopropene
(1-MCP) reduces melting-flesh peach fruit softening.
Postharvest Biol Technol 50: 228-230.
Hershkovitz V, Saguy SI, Pesis E (2005). Postharvest application of
1-MCP to improve the quality of various avocado cultivars.
Postharvest Biol Technol 37: 252-264.
Hofman PJ, Jobin-DéCor M, Meiburg GF, Macnish AJ, Joyce DC
(2001). Ripening and quality responses of avocado, custard
apple, mango and papaya fruit to 1-methylcyclopropene. Aust
J Exp Agr 41: 567-572.
Jeong

J, Huber DJ, Sargent SA (2002). Influence of
1-methylcyclopropene (1-MCP) on ripening and cell-wall
matrix polysaccharides of avocado (Persea americana) fruit.
Postharvest Biol Technol 25: 241-256.

Kappel F, Fisher-Fleming R, Hogue EJ (1995). Ideal pear sensory
attributes and fruit characteristics. Hortsci 30: 988-993.
Ketsa S, Wisutiamonkul A, Van-Doorn WG (2013). Apparent
synergism between the positive effects of 1-MCP and modified
atmosphere on storage life of banana fruit. Postharvest Biol
Technol 85: 173-178.
Kluge RA, Jacomino AP (2002). Shelf life of peaches treated with
1-methylcyclopropene. Sci Agr 59: 69-72.
Koukounaras A, Sfakiotakis E (2007). Effect of 1-MCP prestorage
treatment on ethylene and CO2 production and quality of
‘Hayward’ kiwifruit during the shelf-life after short, medium
and long term cold storage. Postharvest Biol Technol 46: 174180.
Lippert F, Blanke MM (2004). Effect of mechanical harvest and
timing of 1-MCP application on respiration and fruit quality
of European plums Prunus domestica L. Postharvest Biol
Technol 34: 305-311.
Liu R, Lai T, Xu Y, Tian S (2013). Changes in physiology and quality
of Laiyang pear in long time storage. Scientia Hort 150: 31-36.
Lu X, Nock JF, Ma Y, Liu X, Watkins CB (2013). Effects of
repeated 1-methylcyclopropene (1-MCP) treatments on
ripening and superficial scald of ‘Cortland’ and ‘Delicious’
apples. Postharvest Biol Technol 78: 48-54.
Manganaris GA, Crisosto CH, Bremer V, Holcroft D (2008). Novel
1-methylcyclopropene immersion formulation extends shelf
life of advanced maturity ‘Joanna Red’ plums (Prunus salicina
Lindell). Postharvest Biol Technol 47: 429-433.

Menniti AM, Gregori R, Donati I (2004). 1-methylcyclopropene
retards postharvest softening of plums. Postharvest Biol
Technol 31: 269-275.
Moya-Leon MA, Vergara M, Bravo C, Montes ME, Moggia C (2006).
1-MCP treatment preserves aroma quality of ‘Packham’s
Triumph’ pears during long-term storage. Postharvest Biol
Technol 42: 185-197.
Predieri S, Gatti E (2009). Effects of cold storage and shelf-life on
sensory quality and consumer acceptance of ‘Abate Fetel’ pears.
Postharvest Biol Technol 51: 342-348.
Rizzolo A, Grassi M, Vanoli M (2014). 1-methylcyclopropene
application, storage temperature and atmosphere modulate
sensory quality changes in shelf-life of ‘Abbe Fetel’ pears.
Postharvest Biol Technol 92: 87-97.
Rizzolo A, Cambiaghi P, Grassi M, Zerbini PE (2005). Influence of
1-methylcyclopropene and storage atmosphere on changes in
volatile compounds and fruit quality of ‘Conference’ pears. J
Agr Food Chem 53: 9781-9789.
Sakaldas M, Kaynas K, Kuzucu FC (2008). Effects of postharvest
1-MCP treatments on fruit quality of ‘Eşme’ quince cv.
Proceedings of the IV. Storage and Marketing Symposium on
Horticultural Crops. 8–11 October 2008; Antalya, Turkey. pp.
52-59 (in Turkish).
Salwador A, Cucuerella J, Martinez-Javega JM (2003). 1-MCP
treatment prolongs postharvest life of ‘Santa Rosa’ plums. J
Food Sci 68: 1504-1510.
Selvarajah S, Bauchot AD, John P (2001). Internal browning in coldstored pineapples is suppressed by a postharvest application of
1-methylcyclopropene. Postharvest Biol Technol 23: 167-170.
Sisler EC (1991). Ethylene-binding components in plants, In: Mattoo,
AK and Suttle, JC, editors. The Plant Hormone Ethylene. Boca
Raton, FL, USA: CRC Press, pp. 81-99.
Sisler EC, Serek M (1997). Inhibitors of ethylene responses in plants
at the receptor level: Recent developments. Physiol Plantarum
100: 577-582.
Trinchero GD, Sozzi GO, Covatta F, Fraschina AA (2004). Inhibition
of ethylene action by 1-methylcyclopropene extends
postharvest life of “Bartlett” pears. Postharvest Biol Technol
32: 193-204.
Vanoli M, Rizzolo A, Grassi M (2015). Fruit quality and sensory
characteristics of 1-MCP treated ‘Abbe Fetel’ pears after
storage under dynamic controlled atmosphere at different
temperatures. Acta Hortic 1071: 437-445.
Watkins CB, Nock JF, Whitaker BD (2000). Responses of early, mid
and late season apple cultivars to postharvest application of
1-methylcyclopropene (1-MCP) under air and controlled
atmosphere storage conditions. Postharvest Biol Technol 19:
17-32.
Weis SA, Bramlage WJ (2002). 1-MCP: How useful can it be on New
England apples? Fruit Notes 67: 5-9.
Woolf AB, Tapia CR, Cox KA, Jackman RC, Gunson A, Arpaia
ML, White A (2005). 1-MCP reduces physiological storage
disorders of ‘Hass’ avocados. Postharvest Biol Technol 35: 4360.

96
Published by Research Showcase @ UMarin, 2018

9

